glycol-bis(fl-aminoethyl ether)-NN-tetraacetic acid, indicating activation of complement via the alternative pathway.
Naegleria fowleri, usually a free-living protozoan, can cause primary amoebic meningoencephalitis in humans. Infection usually occurs while swimming in freshwater. The protozoan apparently invades through the nasal epithelium and enters the brain by direct extension. The disease is characterized by neurological symptoms, including headache, dizziness, disorientation, and coma. Death usually results within a few days after the onset of symptoms. Pathogenic lesions are usually most severe in the olfactory bulbs, but amoebae may be found in other areas of the brain and spinal cord (10) . In experimental mammalian hosts, particularly mice, the protozoa can also be found in other organs (2) ; in most humans, however, they appear to be restricted to the central nervous system (CNS).
Theoretically, several factors may contribute to the restriction of amoebae to the human CNS. The fulminating course of the disease and early death (i.e., usually within 5 to 8 days after the onset of symptoms) may not allow sufficient time for the dissemination of the organisms from the primary site of infection in the CNS. The time course of experimental primary amoebic meningoencephalitis in mice is similar to that in humans, however, and in murine hosts amoebae are commonly found in other organs. Destruction of N. fowleri by human serum in vitro has been demonstrated by Carter (2) and Culbertson (3) , and it appears that dissemination of protozoa from the CNS in humans may be restricted by factors in the blood. Heat inactivation (560C, 30 min) of serum was reported to abrogate this effect, but no further characterization of amoebicidal factors in human serum has been reported. In the present study we demonstrated (i) that lysis of N. fowleri by human serum is due to activation of complement and (ii) that the alternative complement pathway can be directly activated by this protozoan. (4) . This protozoan has been maintained by serial passages in chicken embryos (8) and occasional passages in mice and is deposited as strain ATCC 30863 with the American Type Culture Collection, Rockville, Md.
Human sera were collected by venipuncture from 17-to 37-year-old healthy volunteers of both sexes. Blood was clotted for 1 h at room temperature and for 2 h at 4°C. Sera were decanted after centrifugation and either used immediately or stored at -70°C. When indicated, heat inactivation of serum was performed at 56°C for 30 min. Immunoglobulin concentrations in sera were determined by rate nephelometry.
The effects of serum on N. fowleri were studied in a short-term in vitro culture system. Amoebae were obtained by mincing the brains of infected mice or chicken embryos in sterile distilled water. The minced material was agitated, larger tissue particles were allowed to settle, and the supernatants were transferred to sterile test tubes. The concentrations of amoebae in suspensions were determined by counting in a hemacytometer. The desired number of organisms was inoculated into 25-cm2 plastic culture flasks containing medium 199 and test serum as a 10% supplement (total volume, 4.0 ml). In each experiment control cultures were initiated at the same time by using 10% heatinactivated fetal calf serum (FCS) (Microbiological Associates) as a medium supplement, although heat inactivation of FCS was not necessary for short-term culture of the amoebae. Cultures were incubated at 370C in 5% C02-95% air. The method used to examine the route of complement activation was that described in detail by Greenblatt et al. (5) . Fresh human sera were diluted 1:3 with ethylene glycol-bis(f?-aminoethyl ether)-NN-tetraacetic acid (EGTA), which is a strong chelator of Ca2" but a weak binder of Mg2e. After incubation at 370C for 5 min to allow chelation of Ca2+, diluted sera were transferred to sterile tubes containing pelleted N. fowleri amoebae (final concentration, 2.0 x 106 amoebae per ml). The tubes were agitated to resuspend amoebae and incubated at 370C for 60 min. Subsequently, the tubes were centrifuged, and the supernatants were used for C3 crossed immunoelectrophoresis (5), using goat anti-human C3 (Atlantic Antibodies, Westbrook, Maine). Results were compared with serum buffer controls and with a known positive control, cobra venom factor (15 U/ml) in serum, under identical conditions. Controls for confirming the elimination of classical pathway activity in this system have been discussed previously (5) .
Sera studied for complement activation were also tested for the presence of anti-Naegleria antibody by counterimmunoelectrophoresis. Untreated serum samples were reacted against a frozen and thawed preparation of N. fowleri amoebae in barbital-buffered agar (Millipore Corp., Bedford, Mass.) (buffer system 1). Current (100 V) was applied for 45 Table 2) .
Effect of absorption of adult serum with N. fowleri. Amoebae obtained from infected chicken embryo brains were cultivated in medium 199 containing 10% FCS for 24 h and were harvested by refrigerating (40C) the culture flasks for 10 min to release attached organisms from the flask surfaces. Amoebae were pelleted by centrifugation, and the supernatant was discarded and replaced with 2.0 ml of adult human serum (i.e., to yield a concentration of about 106 amoebae per ml). Amoebae were resuspended in serum and incubated at 370C for 15 min. The resuspension procedure was repeated for a total (2) . It is also of interest that C5-deficient mice (1, 11) show impaired responses to challenges with certain microbial agents (9) . Pertinent to the present report, in a study of five mouse strains Haggerty and John (7) found that C5-deficient mice were most susceptible to N.
fowleri infection, whereas a C5-sufficient strain was most resistant to infection.
Activation of complement via the classical and alternative pathways by several parasitic protozoa has been demonstrated previously (12) ; however, this is apparently the first reported demonstration of alternative pathway complement activation by amoebae. In humans with N. fowleri primary amoebic meningoencephalitis, complement activation via the alternative pathway may inhibit the dissemination of amoebae from the CNS, and the low level of complement in the CNS may allow rapid multiplication of amoebae, with resulting destruction of tissue and death of the affected host. Clearly, the role of complement activation in innate immunity and acquired immunity to amoebae and in the pathogenesis ofparasitic protozoan infections deserves further study.
